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This invention relates to a process for the carbonytation of epoxides using a cobalt catalyst 
5 hnn ,11 kn0wn J hat epoxides be carbonylated by reaction with carbon monoxide. The primary product of the car- 
5 bony.at.on reaction ,s a p-propiolactone formed by insertion of a carbonyl group into a carbon wWbSa 

SSTJE? 1"" 3"*? SUCh 35 P^olacJe polymers. S-h^S^icTcldJand 

«ve^^^^ 

According to GB-A-1 020575 the carbonylation reaction requires the presence of a catalyst preferably a cobalt cat 

^1 P T-T* ° T 31 ° r 0 uatemary ammonium halides promotes the formation of p-propfotacton pTm£' 
SSSr ^^se may be diminished by adding a smal, propSon'of a ££SZ 

,5 al rnh^ r ° H eSS . for !?k P ^ a I ation of a 3-nydroxypropionate ester by conducting the carbonylation in the presence of an 
tif ,s d,s< *> sed b V US-A-3260738. This process uses a cobalt carbony. catalyst, which preferably is mS by a 
tertiaryphosphme ortert.ary amine co-catalyst, including N-heterocycles such as pyridine and methZ'dTnrA^mC 
process ,s disclosed by Y. Kawabata, et al.. in Nippon Kagaku Kaishi, (5). 635-40 0 979) methy,pyr,d,ne s,milar 
US-A-2782226 discloses a process wherein the carbonylation is conducted in the presence of water The ethvlon* 
glycol monoester of 3-hydroxypropionic acid as end product is obtained through the additSn erf afuS eSr e ne^xide 

areu^hXr^ 

a^^^ prior ,^ hows the feasibili »y ° f the carbonylation technology for preparing the p-propiolactones and 
*5 IS T eX . emp, t '" ed . CatalySt sy3,ems leave room f ° r improvement in terms of achievable select^ and reaction 
rSSSST an ^ dUS,riaHy P rocess - The Present invention aims at providing^* improvement 

idP i !i Y PrOCeSS h3S bee " found for the carbonylation of epoxides by reaction with carbon mono" 

ide at elevated pressure and temperature in the presence of a catalyst system comprising a source 5 cSal^and a 

Ktfono^iff ""ft ST* AS Wm the P^oas.?used unTubstiLJ TpySinl.Te present 

90 I „ , P T, h ' 9her Sel6Ctivity l ° the P-P^Pio'actone product. When using a prefened 3 -hydroxy sS 

iZ m^. C r P ° Und, . th f ^y' 3110 " reaction P~ceeds at a drarnatici.ly^creased ra£ ^ 

It ma^bpTn^TTT SySt6m to be USed according t0 the inven «°" is a conventional cobalt catalyst 

Ledes und^nf r , eaCt '° n the ^ ° f any S ° UrCe ° f CObalt ' which is courted into the cataJ^cairaS 

Ca *°" mo "° x,de P ressure Wed in the process. A very suitable source of cobalt is constituted by dto 
bait octacarbonyl and/or other cobalt carbonyls. Cobalt salts, such as cobalt acetate may be used as catalv3°™r 
be readiiy carbonyiated under the carbon monoxide pressure. WlJ TeZ 9 ^SSESESTEK 
the reaction mixture for prepanng cobalt carbonyls in situ, careful control of temperature will be reaped for Sin 

22 f 6 r T° nS Gener3 " y 00,5311 03431X51 ° r PreCUfSOr Wi " be in the reason mSJ f^S? 

the catalyst may also be used ,n a heterogenised form, what would allow for a gaseous reaction med^T^^ i 
source may be added in the form of a pre-formed complex with the required pyridine compound 

*H„,rr 5, COmpon T t °f the P" 656 "' s y s,em is a Py ridin « compound carrying at least one hydroxy sub- 

nuSc ^ e a expreSS, °" W* me compound" is meant here to encompass any compound comprises the Zm™ 
as,x - mamber e d beteroaromatic ring containing an imino nitrogen atom. Therefore, multi-ring «SX 
^""a and 4.4 -bipyridyl can be used when having a hydroxy substituent. Besides the essential h3 sS 
rI^T?'™ T T^T" sub stituents. which do not interfere with the carbonylation reason 
«JET! eX3 T ,eS " SUItable hydr ° Xy SUD Sututed pyridine compounds include 2-hydroxypyrSne 3-hydrox- 

mS Z£nTZ'T* l™W™ m mne, 3-hydroxyquino.ine, ^hydroxy^-methytpyridine and 3 l 

p^ss^r using subs,itu,ed pyridine — 
pTXroS^ 

hv J2nn b ^ r3,eS b6i " 9 S . UbieCted t0 cart50n y |ation in accordance with the present invention are epoxides as derivable 
When the epoxide is reacted with carbon monoxide in the absence of further reactants, the primary product is a p- 
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propiolactone, which may be substituted at the a- and/or p-position, if the starting epoxide constitutes a substituted 
oxirane. For example, p-butyrolactone [p-methyl -p-propiolactone or 2-oxo-4-methyloxetane] is obtained as product of 
the carbonylation of propylene oxide, whereas p-propiolactone is the product of the carbonylation of ethylene oxide. 
Due to the tendency of p-propiolactones to polymerise, the reaction mixture may contain a certain proportion of p-pro- 

5 piolactone polymer, the amount of which slowly increases upon standing. If desired, the direct yield of polymer may be 
increased by the addition of promoters to the reaction system. Examples of such promoters are metal halides and qua- 
ternary ammonium halides, which may be used in a proportion of from 0.10 to 5.0 %wt of the epoxide. 

The carbonylation reaction is conveniently conducted in the liquid phase, if the epoxide substrate and lactone prod- 
uct are liquid, there is no need for using a separate solvent. However, the use of a separate solvent may be convenient 

w and preferred for practical purposes, for example in connection with product recovery. Suitable solvents include moder- 
ately polar aprotic solvents, in particular ethers such as diglyme (2,5,8-trioxanonane), diphenyl ether, THF and anisole. 
Protic solvents such as alcohols are usable, but may participate in the reaction to yield other products. 

The temperature and pressure for the carbonylation reaction are not critical and may vary within wide limits. It is an 
advantageous feature of the invention that the reaction may be conducted at mild conditions. Very suitable tempera- 

15 tures are in the range of from 50 to 150 °C, more suitably from 60 to 100 °C. At lower temperature the reaction may be 
unduly retarded, whereas higher temperatures may induce the formation of secondary derivatives. Typical pressures 
are below 150 bar, as higher pressures would involve excessive equipment cost. Preferred pressures are in the range 
of 20- 100 bar. 

The p-propiolactone product can be recovered as such using conventional separation technology. It may also be 
20 recovered in the form of its polymer. Comprising a strained four-membered ring, the optionally substituted p-propiolac- 
tones obtained readily undergo ring cleavage reactions. They may thermally polymerise to form polyesters of the AB- 
type. Reaction with alcohols under acidic conditions provides p-alkoxy carboxylic acids, whereas under alkaline condi- 
tions p-hydroxy carboxylic esters are obtained. By the use of sodium alkoxylates as alkaline material p-alkoxy carboxylic 
esters are directly accessible. Reaction with water provides p-hydroxy carboxylic acids. 
25 Moreover, the p-propiolactones, particularly when substituted at the p-position, or their polymers, show a marked 
tendency to dehydration to yield acrylic type of products. For example, it is known that p-lactone polymers on pyrolysis 
at temperatures of from about 180 to 250 °C in the presence of a polymerisation inhibitor give good yields of a,p- 
unsaturated carboxylic acids. When heated with an alcohol in the presence of a dehydrating agent, <x,p-unsaturated 
esters can be made. 

30 Accordingly, the present p-propiolactone products constitute versatile precursors to various p-propiolactone deriv- 
atives, which in turn are useful and find application as chemical solvent or as intermediate for further chemical deriva- 
tives or polymers. 

According to an advantageous feature of the present invention, such derived products may directly be produced by 
conducting the present carbonylation in the presence of a suitable coreactant such as a hydroxy compound. For exam- 

35 pie, when using an alcohol as coreactant, the product of the carbonylation reaction is a p-hydroxy carboxylic ester, and 
using water as coreactant a p-hydroxy carboxylic acid is obtained. For example, the reaction of ethylene oxide with car- 
bon monoxide and methanol in the presence of a catalyst system comprising cobalt carbonyl and 3-hydroxypyridine 
yields the methyl ester of 3-hydroxypropionic acid with excellent selectivity. It will be appreciated that a coreactant such 
as an alcohol may also act as the solvent for the reaction. 

40 The invention will be further illustrated by the following examples. 

Examples 1-4 and Comparative Example A 

Each time a 250 ml stainless-steel autoclave was charged with 10 ml ethylene oxide, 40 ml diglyme, 1 mmol dicobalt 
45 octacarbonyl [Cc^CO)^ and 4 mmol of a pyridine compound as indicated, under exclusion of ambient oxygen. Then 
the autoclave was pressurised with 60 bar of carbon monoxide and heated for the indicated periods at the indicated 
temperatures. At the end of the reaction period, the autoclave was cooled and a sample of its content was analysed by 
standard gas liquid chromatography (GLC) and 13 C NMR. The results of the experiments are summarised in Table 1 
below, wherein the conversion is expressed as the percentage of ethylene oxide being converted, the selectivity repre- 
so sents the molar percentage of p-propiolactone formed relative to the total amount of converted ethylene oxide, and the 
turnovers represent the reaction rate expressed as mol of ethylene oxide converted per gram atom of cobalt per hour. 
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Table 1 



5 


Ex. No. 


pyridine compound 


t(h) 


TpC) 


conversion,(%) 


selectivity*) (%) 


turnovers (mol/gr at 
Co/hour) 




1 


3-hydroxypyridine 


3 


60 


100 


> 98**) 


33 




2 


3-hydroxypyridine 


1 


75 


100 


>98 


100 


10 


3 


3-hydroxypyridine 


0.5 


80 


100 


>98 


200 




4 


4-hydroxypyridine 


10 


75 


81 


>98 


10 




A (comp) 


pyridine 


6 


75 


33 


50 


8 



IS 



ypropionate; on injection in GLC pyrolysis to acrylic acid takes place 
**) trace of aldehyde. 



) NMR, is slowly converted to polyhydrox- 
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aaJXl^Z T 1 * °. 6 carbon y a,lon reaction "wch increased by the use of a catalyst system as pro- 

I J P T ? ? Wh6n com P ared witn the us e of pyridine according to the prior teaching. It is also seen 
™? „ P , US 3 ; h T dr0Xy substituted W*™ compound concomitantly enhances the reaction rate when 

comparing examples 2, 4 and A conducted at the same temperature. 

Example S 

Using the general procedure of Example 1 , an autoclave was charged with 20 ml propylene oxide 40 ml diglyme 
2 mmol of dicobalt octacarbonyl and 4 mmol of 3-hydroxypyridine, and pressurised with 60 bar carbon monoxid? Ato 
heating for 6 hours at 75 °C. 93 % conversion of propylene oxide was observed with a selectivity of > 90 JSSjtaS 
rolactone (2-oxo-4-methyloxetane). k / 

30 Example 6 

2 mmnln 9 ! hZ^?*?™^ T ° f f^' 6 *• an autoclave was <*«g«l with 10 ml isobutylene oxide. 40 ml diglyme. 
2 mmol of d,cobalt octacarbonyl and 4 mmol of 3-hydroxypyridine. and pressurised to 60 bar carbon monoxide Afte 
heatng or 1 0 hours at 75 »C. 60 % conversion of isobutylene oxide was observed into 3-hydroxy-3-metSSaSc acfd 

iSoVfn^G^ imet ^ OXetane) aCCOrdin9 t0 NMR " W3S Pyr ° lySed int ° 3 met ^' iSSS u£n 
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Example 7 

2 mm^^S' 31 P K OCe ? Ure .°! EXam , P ' e 1 ' 3n aUtOClave Was Char9ed with 30 ml e,h y |ene 100 ml diglyme. 
LT h l«^ ?l a o^ 4 mm °' 3 - hydrOXyPyridine ' and P^ssurised to 60 bar carbon monoxide pressure 

IStSE? ^ h at 5 °' convers,on of eth >" ene oxWe wa * fo"nd to be virtually complete. Upon standing at 

v^T„TnT, h 1 S 3 PrSC,P T WaS formed ' WhiCh W8S isolated by ,iltration and washed «* h ^thanol to 
yield 23 g of poly-3-hydroxyprop.onate. [ 0-CH 2 -CH 2 -C(=0)-] n according to 13 C NMR. 

Example 8 

Using the general procedure of Example 1 . an autoclave was charged with 10 ml ethylene oxide. 40 ml methanol 

ISStl »cS fS^T ^ 4 T °; 3 ; hydr ° XyPyridine ' and preSSuriSed with 60 ter cart ™ monoxw" A "Ir heat 
ins I at 75 C for 4 hours and analysis by GLC. 96 % of ethylene oxide was found to have been converted into methyl 3- 
hydroxypropionate with a selectivity of 97%. ^ 
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A process for the carbonylation of epoxides by reaction with caroon monoxide at elevated pressure and tempera- 
ture m the presence of a catalyst system comprising a source of cobalt and a hydroxy substituted pyridine^- 
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A process as claimed in claim 1 , wherein the hydroxy substituent is in the 3-position. 
A process as claimed in claim 2, wherein 3-hydroxypyridine is used. 

A process as claimed in any one or more of claims 1 -3, wherein the epoxide is an 1 ,2-epoxide. 

A process as claimed in claim 4, wherein 1 ,2-epoxide is ethylene oxide or propylene oxide. 

A process as claimed in any one or more of claims 1 -5, wherein a p-propiolactone is produced as the primary car- 
bonylation product. 

A process as claimed in any one or more of claims 1-5, wherein a p-propiolactone polymer is produced, by con- 
ducting the carbonylation in the presence of a polymerization promoter. 

A process as claimed in any one or more of claims 1 -5, wherein a p-propiolactone derivative is produced. 

A process as claimed in claim 8, wherein the carbonylation is conducted in the presence of a hydroxy compound 
selected from water and alcohols. 

A process for the preparation of a,p-unsaturated carboxylic acids or derivatives thereof by carbonylation of an epox- 
ide in the presence of a cobalt-containing catalyst to form a p-propiolactone or its polymer and subsequent dehy- 
dration of the p-propiolactone or its polymer, characterised in that a catalyst system further comprising a hydroxy 
substituted pyridine compound is used. 

25 Patentanspruche 

1. Verfahren zur Carbonylierung von Epoxiden durch Reaktion mit Kohlenmonoxid bei erhdhtem Druck und erhdhter 
Temperatur in Anwesenheit eines Katalysatorsystems, das eine Kobaltquelle und eine hydroxysubstituierte Pyri- 
dinverbindung umfaBt. 

30 

2. Verfahren nach Anspruch 1 , worin der Hydroxysubstituent in der 3-Position vorliegt. 

3. Verfahren nach Anspruch 2, worin 3-Hydroxypyridin verwendet wird. 

35 4. Verfahren nach einem Oder mehreren der Anspruche 1 -3, worin das Epoxid ein 1 ,2-Epoxid ist. 

5. Verfahren nach Anspruch 4, worin das 1 ,2-Epoxid Ethyl enoxid oder Propylenoxid ist. 

6. Verfahren nach einem oder mehreren der Anspruche 1 -5, worin ein p-Propiolacton als das Carbonylierungshaupt- 
40 produkt ausgebildet wird. 

7. Verfahren nach einem oder mehreren der Anspruche 1 -5, worin ein p-Propiolactonpolymer ausgebildet wird, indem 
die Carbonylierung in Anwesenheit eines Polymerisationspromotors vorgenommen wird. 

45 8. Verfahren nach einem oder mehreren der Anspruche 1 -5, worin ein p-Propiolactonderivat ausgebildet wird. 

9. Verfahren nach Anspruch 8, worin die Carbonylierung in Anwesenheit einer unter Wasser und Alkoholen ausge- 
wahlten Hydroxyverbindung ausgefuhrt wird. 

50 10. Verfahren zur Herstellung von cc.p-ungesattigten Carbonsauren oder deren Derivaten durch Carbonylierung eines 
Epoxids in Anwesenheit eines kobalthaltigen Katalysators zur Ausbildung eines p-Propio!actons oder dessen Poly- 
mers und anschlieGende Dehydratisierung des p-Propiolactons oder dessen Polymers, dadurch gekennzeichnet, 
daB ein Katalysatorsystem, das zusatzlich eine hydroxysubstituierte Pyridinverbindung umfaBt, verwendet wird. 

55 Revendications 

1. Procede de carbonylation d'epoxydes par reaction avec le monoxyde de carbone a pression et temperature ele- 
vees, en presence d'un systeme catalytique comprenant une source de cobalt et un compose de pyridine a subs- 



2. 
3. 

5 4. 
5. 
6. 

10 

7. 

15 8. 
9. 



20 10. 



5 



EP0 577 206 B1 

titution hydroxylique. 

2. Procede suivant la revendication 1 , caracterise en ce que le substituant du type hydroxyle se trouve en position 3. 

3. Procede suivant la revendication 2, caracterise en ce que Ton utilise la 3-hydroxypyridine. 

4. Procede suivant une ou plusieurs des revendications 1 a 3, caracterise en ce que I'epoxyde est un 1 ,2-epoxyde. 

5. Procede suivant la revendication 4, caracterise en ce que le 1 .2-epoxyde est I'oxyde Methylene ou I'oxyde de pro- 
pylene. 

6. Procede suivant une ou plusieurs des revendications 1 a 5, caracterise en ce qu'une p-propiolactone est produite 
a titre de produit de carbonylation principal. 

7. Procede suivant une ou plusieurs des revendications 1 a 5, caracterise en ce qu'un polymere de p-propiolactone 
est produit, en procedant a la carbonylation en presence d'un promoteur de polymerisation. 

8. Procede suivant une ou plusieurs des revendications 1 a 5, caracterise en ce qu'un derive de p-propiolactone est 
produit. 

9. Procede suivant la revendication 8, caracterise en ce que I'on entreprend la carbonylation en presence d'un com- 
pose hydroxyle choisi parmi I'eau et les alcools. 

10. Procede de preparation d'acides carboxyliques ct.p-insatures ou de derives de ceux-ci par la carbonylation d'un 
6poxyde, en presence d'un catalyseur contenant du cobalt pour former une p-propiolactone ou son polymere et la 
deshydratat.on subsequente de la p-propiolactone ou de son polymere. caracterise en ce que I'on utilise un sys- 
teme catalytique qui comprend en outre un compose de pyridine a substitution hydroxylique 



